The photosynthetic carbon metabolism of algae involves two processes. One is the accumulation of CO2 in chloro plasts by the action of a CO2-concentrating mechanism during photosynthesis. The mechanism causes the algal cells to concentrate CO2 10-to 100-fold over the extracel lular CO2 concentration and to photosynthesize at high rates in the presence of low concentrations of CO2 such as in the air-equilibrated growth medium (1) (2) (3) . The occurrence of the CO2-concentrating mechanism is restricted to algae grown under atmospheric concentrations of CO2 (1) (2) (3) (4) . Euglena gracilis does not have the mechanism irrespective of the concentration of CO2 present during its growth (5, 6) , or, if present, the activity is quite low (7) . The other process is the fixation of the concentrated CO2 by ribulose 1, 5-bisphosphate carboxylase/oxygenase (RuBisCO). The enzyme functions at the branching point between the photosynthetic carbon reduction and oxidation cycles, and the properties of the enzyme decide how the carbon will be divided between the two cycles (8, 9) .
Much information about the CO2-concentrating mecha nism of algae has been accumulated during the last decade (10) . However, the enzymatic properties of the RuBisCO of these organisms have not been studied after assay proce dures for RuBisCO were standardized in 1977 (11) . We need to know the kinetic properties of algal RuBisCO to elucidate algal photosynthesis and the CO2-concentrating mechanism.
There has been some controversy about the occurrence of the CO2-concentrating mechanism in E. spinach (24) and Anabaena (22) is CO2. The species fixed by the Euglena enzyme was identified by comparison of the rates of 14CO2 fixation in the presence of carbonic anhydrase when the enzyme was incubated with 12CO2 and then its enzyme reaction was initiated by adding NaH14CO3. Since the fixation of 14CO2 proceeded linearly with time at a higher rate in the presence of carbonic anhydrase (Fig. 4) , the entity fixed by the Euglena enzyme was CO2. The reaction of the RuBisCO of higher plants does not proceed linearly with time (25) . The carboxylase reaction of the spinach enzyme slows down 1 to 2min after the start of the reaction. However, the reaction of Euglena RuBisCO was linear with time for at least 8min (Fig. 5) .
In the experiment on the effect of the pH of the reaction mixture on the activity of Euglena RuBisCO, the amount of NaH14CO3 added was changed to give constant 14CO2 concentrations in the medium at each pH. The optimum pH was 7.8 to 8.0. The activity at pH 7.0 was about 30% of that at the optimum pH. The pH profile was steeper than that for higher plants (22, 26) or Anabaena (22) . Figure 6 shows the Arrhenius plots of the relationship between the carboxylase reaction of Euglena RuBisCO and A. Yokota et al .
DISCUSSION
PEG-4000 was useful in the purification of Euglena RuBis-CO. However, it was impossible to separate only RuBisCO from bulk proteins in the crude cell extract by a single precipitation, contrary to the report of Volodarsky et al. (19) . Impurities could be removed by repeated gel chro matography (Fig. 1) . These procedures were also suitable for the purification of this enzyme from Scenedesmus obliquus, but not from Chlorella pyrenoidosa or Chlamydo monas reinhardtii (unpublished). The cellular content (29) , molecular structure (30) , and kinetic properties (31-33) of RuBisCO are not uniform for all photosynthetic organisms. The optimum pH of Euglena RuBisCO was the same as that for other photosynthetic organisms, but the activity of the Euglena enzyme was much lower at pH 7.0 than that of the enzyme from spinach or Anabaena (22) . The activation energy of the carboxyla tion reaction of the Euglena enzyme was about 35% lower than that from other organisms (22, 34) . Euglena RuBisCO used CO2 as the substrate in the carboxylation of RuBP, as do other photosynthetic organisms (22, 24) .
The Km value of RuBisCO for CO2 is low in higher plants and high in cyanobacteria (27, 31, 33, 35) . The Km value of Euglena RuBisCO for CO2 was between those of higher plants and cyanobacteria, as measured by Jordan and Ogren by their simultaneous assay method (31, 35) . The same was true for the Km for O2. However, not all of the properties of Euglena RuBisCO were necessarily interme diate between those of higher plants and cyanobacteria. Euglena RuBisCO had a low Km for RuBP, as do the plant enzymes (32) . On the other hand, the stability of the activated state of Euglena RuBisCO required a 10-fold higher concentration of EDTA for its stabilization than does the spinach enzyme, and the carboxylase and oxygenase activities of Euglena RuBisCO proceeded linearly with time for at least 8min. These features are similar to those of the enzymes from cyanobacteria (36, 37) and photo synthetic bacteria (38) .
The linearity, or deviation from linearity, of the carbox ylase reaction of RuBisCO has received much attention (25, 28, 39) . RuBisCOs from higher plants sustains its initial full activity for only a few minutes, after which the activity becomes lower and reaches a constant level (25) . Higher concentrations of CO2 in the reaction medium partially mitigate the inactivation. The partial inactivation of RuBisCO during the course of its reaction has been inter preted as being due to the gradual formation of an inactive RuBisCO-RuBP complex or of xylulose 1, 5-bisphosphate, a potent inhibitor of RuBisCO, from RuBP added to the reaction medium (39) . Our finding that Euglena RuBisCO maintained its initial full activity for 8 min (Fig. 5) , may contradict this interpretation. First, Euglena RuBisCO had a high affinity for RuBP, as do the enzymes of higher plants (Table II) . If RuBisCO had formed an inactive complex with RuBP during the reaction, the course of the carboxylase reaction of the Euglena enzyme would be similar to that of the plant enzymes. Second, if xylulose 1, 5-bisphosphate or other inhibitors derived from RuBP in the reaction mixture had inhibited the activity, the reaction of Euglena RuBisCO might have slowed down a couple of minutes after the start of the reaction. That is, the Euglena enzyme had sensitiv 
